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@ Longdating aqueous dispersions or suspensions of praaaure-ieslstant gas-flfled mlcroveslcles and 
methods for the preparation thereof. 

© can impart outstanding resistance against collapse under pressure to gas-fiBed microveside 
used as contrast egenta in ultrasonic echography by using as fliers gases whose solubility in water, 
expressed in liter of gaa fay Etar of water under standard conditions, divided by the square root of the 
molecular weight does not exceed 0.003. 
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Technical Field 

The present invention concerns stable dispersions or compost ns of gas filled microvesides in aqueous 
carrier liquids. These dispersions are generally usable for most kinds of applications requiring gases homoge- 
neously dispersed in liquids. One notable application for such dispersions is to be injected into living beings, 
for instance for ultrasonic echography and other medical applications. The invention also concerns the meth- 
ods for making the foregoing compositions Including some materials involved in the preparations, for instance 
pressunttesistantgas-fnied mlcrobubbfes, microcapsules and microballoona. 

Background of Invention 

It is weO known that microbodies or mi crog lobules of air or gas (defined here as microvesides), e.g. mi- 
crobubbles or mlcrobafloens, suspended in a liquid are exceptionsfly efficient ultrasound reflectors for echog- 
raphy. In this disclosure the term of •mlcrocubble' specifically designates hollow spheres or globules, f Hied 
with air or a gas, in suspension In a liquid which generally result from the introduction therein of air or gas in 
divided form, the liquid preferably also containing surfactants or tensides to control the surface properties and 
the stabiity of the bubbles. The term of "microcapsule" or ■microbafloon' designates preferably air or gas-f3Ied 
bodies with a material boundary or envelope, le. a polymer membrane wall. Both mlcrobubbles and microbal- 
toons are useful as ultrasonic contrast agents. For Instance injecting into the bloodstream of living bodies sus- 
pensions of alr-f i!ed mlcrobubblea or microbe! loons (in the range of 0.5 to 10 urn) in a carrier liquid will strongly 
reinforce ultrasonic echography imaging, thus aiding in the visualization of internal organs. Imaging of vessels 
and internal organs can strongly help In medical diagnosis, for instance for the detection of cardiovascular and 
other diseases, 

The formation of suspensions of microbubbles In an injectable liquid carrier suitable for echography can 
be produced by the release of a gas dissolved under pressure In the liquid, or by a chemical reaction generating 
gaseous products, or by admixing with the liquid soluble or insoluble solids containing air or gas trapped or 
adsorbed therein. 

For instance, In US-A-4, 446,442 (Sobering), there are disclosed a series of different techniques for pro- 
ducing suspensions of gas microbubbles in a sterilized Injectable liquid carrier using (a) a solution of a tenside 
(surfactant) In a carrier liquid (aqueous) and (b) a solution of a viscosity enhancer as stabllzer. For generating 
the bubbles, the techniques disclosed there indude forcing at high velocity a mixture of (a), (b) and air through 
a small aperture; or Injecting (a) Into (b) shortly before use together with a physiologically acceptable gas; or 
adding an add to (a) and a carbonate to (b), both components being mixed together just before use and th 
acid reading with the carbonate to generate CO z bubbles; or adding an over-pressurized gas to a mixture of 
(a) and (b) under storage, said gas being released into microbubbles at the time when the mixture is used for 
injection. 

EP-A-131,540 (Schering) discloses the preparation of microbobbie suspensions in which a stabilized in- 
jectable carrier liquid, e.g. a physiological aqueous solution of salt or a solution of a sugar like maltose, dex- 
trose, iadose or galactose, la mixed with solid micro partldes (in the 0.1 to 1 m range) of the same sugars 
containing entrapped air. In order to develop the suspension of bubbles in the liquid carrier, both liquid and 
solid components are agitated together under sterie conditions for a few seconds and, once made, the sus- 
pension must then be used Immediately, le. it should be injected within 5-10 minutes for echography meas- 
urements; Indeed, because they are evanescent the bubble concentration becomes too low for being practical 
after that period. 

fn an attempt to cure the evanescence problem, mierebaJioons, La. microvesides with a material wall, have 
been developed. As said before, while the microbubbles only have an Immaterial or evanescent envelope, i.e. 
they are only surrounded by a wall of liquid whose surface tension is being modified by the presence of a sur- 
factant the micro balloons or microcapsules have a tangible envelope made of substantive material, e.g. a poly- 
meric membrane with definite mechanical strength, in other terms, they are rnioovesides of malarial in which 
the air or gas b more or leas tightly encapsulated. 

For instance, US-A-4 r 276 f fl85 (Tlckner et at.) discloses using surfaee membrane microcapsules containing 
a gas for enhancing ultrasonic images, the membrane including a multiplicity of non-toxic and non-antigen ic 
organic molecules. In a disclosed embodiment these microbubbles have a gelatine membrane which resists 
coalescence and their preferred aba is 5-1 0 um. The membrane of these microbubbles is said to be sufficiently 
stable for making echogiBpfitc measurements. 

Air-fled microballoona without gelatin are disclosed In US-A-4,71 0,433 (Felnstein). These microvesides 
are made by sonication (5 to 30 kHz) of protein solutions like 5% serum albumin and have diameters In the 2- 
20 um range, mainly 2-4 u/ruThe micmvealdes are stabHized by denaturation of t h membrane forming protein 
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after sonication, for instance by using heat or by chemical means, e.g. by reaction with formaldehyde or glu- 
taraldehyde. The concentration of stable microvesides obtained by this technique is said to be about 8 x 10*/ml 
in the 2*4 tiro range, about 106 /ml in the 4-5 iim rang and less than S x 10* in the 5-6 >im range. The stability 
time of these microvesides is said to be 48 hrs or longer and they permit convenient left heart imaging after 
intravenous injection. For instance, th sonicated albumin microbubbles when injected into a peripheral vein 
are capable of t/ans pulmonary passage. This results in echocardiography opacification of the left ventricle 
cavity as well as myocardial tissues. 

Recently, still further improved microballoons for Injection ultrasonic echography have been reported in 
EP-A-324.938 (WSdder). In this document there are disdosed high concentrations (more than 10*/rrd) of air- 
filled protein-bounded microvesides of less than 10 jim which have life-times of several months or more. Aqu- 
eous suspensions of these microballoons are produced by ultrasonic cavitation of solutions of heat denaturable 
proteins. e.g. human serum albumin, which operation also leads to a degree of foaming of the membrane-form- 
ing protein and Its subsequent hardening by heat. Other proteins such as hemoglobin and collagen were also 
said to be convenient in this process. The high storage stability of the suspensions of microballoons disdosed 
in EP-A-324.938 enables them to be marketed as such. i.e. with the liquid carrier phase, which is a strong 
commercial asset since preparation before use is no longer necessary. 

Similar advantages have been recendy discovered in connection with the preparation of aqueous micro- 
bubble suspensions, lb. there has been discovered storage-stable dry pulverulent composition which will gen- 
erate long-lasting bubble suspensions upon the addition of water. This is being disdosed in Application PCT/EP 
91/00620 where liposomes comprising membrane-forming lipids are freeze -dried, and the freeze-dried lipids, 
after exposure to air or a gas for a period of time, will produce long-lasting bubble suspensions upon simple 
addition thereto of an aqueous liquid carrier. 

Despite the many progresses achieved regarding the stability under storage of aqueous mtcrobubble sus- 
pensions, this being either in the precursor or final preparation stage, there stil remained until now the problem 
of veside durability when the suspensions are exposed to overpressure, e.g. pressure variations such as that 
occurring after injection In the blood stream of a patient and consecutive to heart pulses, particularly in the 
left ventride. Actually, the present inventors have observed that for instance in anaesthetised rabbits, the 
pressure variations are not sufficient to substantially alter the bubble count for a period of time after injection. 
In contrast, in dogs and human patients, typical microbubbles ormicrobaiioons filled with common gases such 
as air. methane or CQj win collapse completely in a matter of seconds after injection due to the blood pressure 
effect This observation has been confirmed by others: For instance. S. GOTTLIEB et al. in J. Am. Soc of Echo- 
cardiography 3 (1990) 238 have reported that crosa-Gnked albumin microballoons prepared by the sonicatfon 
method were losing all echogenic properties after being subjected to an overpressure of 60 Torr. It became 
hence important to solve the problem and to increase the useful life of suspensions of microbubbles and mem- 
brane bounded microballoons under pressure in order to ensure that echographie measurements can be per- 
formed In vivo safely and reproduribry. 

It should be mentioned at this stage that another category of echogenic image enhancing agents has been 
proposed which resist overpressures as they consist of plain microspheres with a porous structure, such por- 
osity containing air or a gas. Such microspheres are disdosed for instance in WO-A-91/12823 (DELTA BIO- 
TECHNOLOGY). EP-A-327 490 (5CHERING) and EP-A-4S8 079 (HOECHST). The drawback with the plain 
porous microspheres b that the encapsulated gas-filed free space Is generally too small for good echogenic 
response and the spheres lack adequate elasticity; Hence the preference generally remains with the hollow 
microvesidea and a solution to the collapsing problem was searched. 


Dlsdosure of the invention 


This problem has now/ been solved by using gases or gas mixtures In conformity with the criteria outlined 
in the daima. Briefly, tt has been found that when the echogenic mfcravesides are made in the presence of 
a gas, respectively are filled at least in part with a gas, having physical properties in conformity with the equa- 
tion below, then the rrricrovesldes remarkably resist pressure >60 Torr after injection for a time sufficient to 
obtain reproducible echographie measurements: 

s 8fix ^w SLs1 

S* VMWgs 

In the foregoing equation. *s* designates the solubilities In water expressed as the *BUNSEN" coefficients, 
Le. as volume of gas dissolved by unit volume of water under standard conditions (1 bar. 25°C), and under 
partial pressure cf the given gas of 1 atm (see th Gas Encydopaetfa, Bsevier 1 976). Since, under such con* 
dltions and definitions, the solubility of air is .0167, and the square root of fe average molecular weight (Mw) 
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is 5.39, the above relation simplifies to: 

a Qtt /VMw v .£.0G31 

In the Examples to be found hereafter there (s disclosed th testing of echogenic micro bubbles and mi- 
cro balloons (see the Tables) ftUed with a number of different gases and mixtures thereof, and the correspond- 
tng resistance thereof to pressure Increases, both In vivo and in vitro. In the Tables, the water sotubtoy factors 
have also been taken from the aforecited Gas Encyclopaedia from VAir Liquids', Elsevier Publisher ( 1976). 

The microvesldes in aqueous suspension containing gases according to the invention indude most mi- 
cro bubbles and rnicrobafloons disclosed unto now for use as contrast agents for echography. The preferred 
microballooria are those disdosed in EP-A-324.938, PCT/EP9 1/0 1 706 and EP-A-458 745; the preferred mi- 
crobubWes are those of PCT/EP91/00620: these micro bubbles are advantageously formed from an aqueous 
liquid and a dry powder (microveside precursors) containing lameflarized freeze-drled phospholipids and sta- 
bilizers; the microbubbJes are developed by agitation of this powder in admixture with the aqueous liquid car- 
rier. The micreballoons of EP-A-458 745 have a resilient Interfactafly precipitated polymer membrane of con- 
trolled porosity. They are generally obtained from emulsions into microdrcpJets of polymer solutions in aqueous 
liquids, the polymer being subsequendy caused to precipitate from its solution to form 8 fSmogentc membrane 
at the dropleuliquid interface, which process leads to the initial formation of liquid-ftled mierovesldes. the liq- 
uid core thereof being eventually substituted by a gas. 

In order to carry out the method of the present invention, Le. to form or fJl the microvesides, whose sus- 
pensions in aqueous earners constitute the desired echogenic additives, with the gases according to the fore- 
going relation, one can either use, as a first embodiment a two step route consisting of (1) making the micro- 
vesides from appropriate starting materials by any suitable conventional technique in the presence of any suit- 
able gas. and (2) replacing this gas originally used (first gas) for preparing the mJcrovesides with a new gas 
(second gas) according to the invention (gas exchange technique). 

Otherwise, according to a second embodiment, one can directly prepare the desired suspensions by suit- 
able usual methods under an atmosphere of the new gas according to the invention. 

If one uses t he two-step route, tha initial gas can be first removed from the vesides (for instance by evac- 
uation under auction) and thereafter replaced by bringing the second gas into contact with the evacuated prod* 
uct or alternatively, the vesides still containing the f rst gas can be contacted with the second gas under con- 
ditions where the second gas wfil displace the f rst gas from the vesides (gas substitution). For instance, the 
veeide suspensions, or preferably precursors thereof (precursors here may mean the materials the microve- 
side envelopes era made of, or the materials which, upon agitation with an aqueous earner liquid. w9l generate 
or develop the formation of microbubbles in this liquid), can be exposed to reduced pressure to evacuate the 
gas to be removed and then the ambient pressure Is restored with the desired gas for substitution. Ttire step 
can be repeated once or more times to ensure complete replacement of the original gas by the new one* This 
embodiment applies particularly weU to precursor preparations stored dry, e.g. dry powders which wifl regen- 
erate or develop the bubbles of the echogenic additive upon admixing with an amount of carrier liquid. Hence, 
in one preferred case where microbubbles are to be formed from an aqueous phase and dry laminarized phos- 
pholipids, e.g. powders of dehydrated lyophJzed liposomes plus stabilizers, which powders are to be subse- 
quently dispersed under agitation rj 8 liquid aqueous carrier phase, it is advantageous to store this dry powder 
under an atmosphere of a gas selected according to the invention. A preparation of such kind wfll keep indef- 
initely in this state and can be used at any time for diagnosis, provided It is dispersed into sterile water before 
injection. 

Otherwise, and this s particularly so when the gas exchange is applied to a suspension of mJcrovesides 
in a liquid carrier phase, the latter is flushed with the second gas untS the replacement (partial or complete) 
la sufficient for the desired purpose. Rushing can be effected by bubbling from a gas pipe or. tn some cases, 
by simply sweeping the surface d the liquid containing the veaicies under gentle egftatton with a stream (con- 
tinuous or discontinuous) of the new gas. In this case, the replacement gas can be added only once in the 
flask containing the suspension and allowed to stand as such for a wtule, or a can be renewed one or more 
times tn order to assure that the degree of renewal (gas exchange) is more or less complete. 

Alternatively, in a second embodiment as said before, one wil effect the foil preparation of the suspension 
of the echogenic additives starting with the usual precursors thereof (starting materials), as recited in the prior 
art and operating according to usual means of said prior art but in the presence of the desired gases or mixture 
of gases according to the invention Instead of that of the prior art which usually recites gases such as air, ni- 
trogen, CO2 and the l&e. 

It should be noted that In general the preparation mode involving ne first type of gas for preparing the 
mfaovesJdea and. thereafter, substituting the original gas by a second kind of gas, the latter being intended 
to confer different echogenic properties to said microvesides. has the following advantage: As will be best seen 
from the results In the Examples hereinafter, the nature of the gas used for making the microvesides, partic- 
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ularly the microbafloons with a polymer envelope, has a definitive influence on theoveraD size (Le. the average 
mean diameter) of said miaoveslcies; for instance, the size of microbattoons prepared under air with precisely 
set conditions can be accurately controlled to fan within a desired range, e.g. the 1 to 10 um range suitable for 
echographying the left and right heart ventrides. This not so easy with other gases, particularly the gases in 
conformity with the requirements of the present invention; hence, when one wishes to btain micro ves ides in 
a given size range but filed with gases the nature of which would render the direct preparation impossible or 
very hard, one wi! much advantageously refy on the two-steps preparation route. Le. one w3 first prepare the 
micrdvesides with a gas allowing more accurate diameter and count control, and thereafter replace the first 
gas by a second gas by gas exchange. 

In the description of the Experimental part that follows (Examples), gas-f aied mferovesides suspended in 
water or other aqueous solutions have been subjected to pressures over that of ambient It was noted that 
when the overpressure reached a certain value (which Is generally typical for a set of microsphere parameters 
and working conditions like temperature, compression rate, nature of carrier liquid and its content of dissolved 
gas (the relative importance of this parameter wil be detailed hereinafter), nature of gas filer, type of echogenic 
material, etc), the microveskfes started to collapse, the bubble count progressively decreasing with further 
increasing the pressure until a complete disappearance of the sound reflector effect occurred. This phenom- 
enon was better followed optically, (nephelometric measurements) since it Is paralleled by a corresponding 
change in optical density, Le. the transparency of the medium increases as the bubble progressively collapse. 
For this, the aqueous suspension of microvesicies (or an appropriate dilution thereof) was placed in a spec- 
trophotometry ceil maintained at 25 ft C (standard conditions) and the absorbance was measured continuously 
at 600 or 700 nm, while a positive hydrostatic overpressure was applied and gradually increased. The pressure 
was generated by means of a peristaltic pump (GILSOWs Mlni-puls) feeding a viable height liquid column con- 
nected to the spectrophotometry cell, the latter being sealed leak-proof. The pressure was measured with a 
mercury manometer calibrated in Torn The compression rate with time was found to be linearly correlated with 
the pump's speed (rprn's). The absorbance in the foregoing range was found to be proportional to the micro- 
veslde concentration in the carder liquid. 

Rgure 1 1s a graph which relates the bubble concentration (bubble count), expressed in terms of optical 
derafty in the aforementioned range, and the pressure applied over the bubble suspension. The data for pre- 
paring the graph are taken ten the experiments reported in Example 4. 


Figure 1 
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Figure 1 shows graphically that the change f absorbance versus pressure is represented by a sigmoid- 
shaped curve. Up to a certain pressure value, the curve Is nearly flat which indicates that the bubbles are 
stable. Then, a relatively fast absorbance drop occurs, which indicates the existence of a relatively narrow crit- 
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teal region within which any pressure increase has a rather dramatic effect on the bubble count When an rh« 
« SL J {0 ° mm) me<,3Ufementa - ,h « corresponding where about 50% of the bubbles 

™J (base fine). Tha pant which is also in the vicinity where the slope of the curve is rnaximaiie tfefta£ 
lr^ZT,T PC U WM faund ^ for a 933. PC does not only depend on the ^SZZ 
» Z^T^ZTr^* 80 ' °" aCljal ° f 9" (or gases) already dissIeZ 

Ian SenlS? ! flM COnC ° n,ratioa ,h8 w 9*«' the P"»ure. In this connection, one 
can therefore Increase the resatance to eoflspse under pressure of the microvesldea by makino the carrier 

Z ^ Z 8 T^!' ^ microvesides could ™<* «ry resistant to ovarprssscres (> 120 Torr) 
« dUSL^ uT" ,QU,d ' 8 3 ° lutionofC01 - Unfortunatefy.lhfaiioding Is of limited value In the 

2Ef£2^ ^JL"" tha °° nt *" t aflBM 15 **** te ,te bteodstream of parents (the gas conten Z 
toUi 1^ COntrai) ' * become8 ^ therein to such ar. extent that the effect of the gas eng. 

malty dissolved in the Injected sample becomes negligible. 8 3 

^ A T 0th ^ fMdB, L aCCe8Sib,e P-^to'to reproducibly compere the performance of various gases as mi- 
» counts {« expressed by the opbcal densities) is equal to the 75% and 25% of the original bubble count Now 
^5r,nT S ^ Und ,hat f0f 98848 Whe " the prBMure ^nc* DP = Pj4 -P, s exceeds a valued 
227 " J. Id " ina " the W00d 0n the 9 a9 - ,iBed "ieroveetles fa minirmzed.Te !he 

Sl J!^ 11 S* bUbWe C0Un * 18 8uffidenl,y ^ "* 10 »• Seance, accuracy and rep'edu! 
ability of echographic measurements. p 

th. J^? ^ I'S*' 00 "- ,hat th » vaJuM * PC «d also depend on the rate of rising the pressure In 
2 JZZT™" 1 * i " USlrated * R9 - 1 ' ? * m 3 Cef,ain ""^ * increase ratesTe.g. in the^noe 

Ihfttl^ ^ sworal h««cJmcte of Torr/«iin). the hlohor tHe rate, thee fargor th« values tor PC anrf AR^r 
tms reason, the comparisons effected under standard temperature conditions were also carried out at the con- 
atom increase rate of 100 Tortftnh. It should however be noted that this effect of the pressure increase rate 

5 tae^S ofTorrfmin *™ not "^cantfy different from those measured under conditio ruled 

hB^^nTnZ^T^ !* " rtai " 88868 0bay ,ne ^-ntloned properties. whOe others do not. 
tecZwiS?J ^ * W0U ' d aPPeaf ,h8t SOme rela!lofl •*» in which, in addition to mi 

thes^~r« diS3a ' Uti0n WneflC9 ' 8nd ^ meters, are involved. However 

SSr^ ? T*" ^l 5 ^ 0 ,h0 ^"t invention since gas eUgfbaity can be easly de- 
lermmod according to th© afbredJscusaed critaria. 7 

th^ ^^1! ^t 88 ^^J^ 18 ^ lh « ^"tion am. for instance, haiogenated hydrocarbons like 
the fmonswd stable fluonnated ehafeogenides like SF„ SeF, and the like. 

^T^^HH^ ^ th * d e9n,a rf 9 M8a ^"^th««^ used as carrier forthe in^ 
w?en^e^^i^ W ^ ^ 

JSl ^? ^ Wha± tha mlcr0vfi9idM a« dispersed for making the eehogenic suspensions of the 

a?; s^D^^r, 83 ^ 8qUfi0U8 ^ A,tfirnatfv8 '^ ^ feting ready-to^se Lrove- 
pm^SaTf^S" Bante ^ eCh08nBPh)r - ^ **«"«»S-ou«»y «« a a. the carrier liquid for the 
a^r^lL^!^ aqUeO,ia i SO ' Ut,0 ' ,: " thto ^ the 8tora 9 e «fe ^ "» suspension wOI be ennsider- 
toreZ^l^^^^ 68 T Sub3tanfan y uncha "9««l (* ^batantial bubble count variation) 
SS^.T^L ■ n * tanCa Seveml ^ to S9veraJ «~nths, and even over a year in special cases. 

^^JrcT^ 
Exampto 1 

a 10^ «,!^ J !r dM ^' 0<1 With a ' ^ 93MS WCre P™ 153 ^ as d8ac "' b ^ l" EP-A. 324 938 using 
a 10 ml calibrated syringe filled wtth a 5% human serum albumin (HSA) obtained from the Blood Transfusion 
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to 


IS 


effected for 25 see (enemy -z\tZZ?T * 4 ml ^ * ,he ^"Se and sonteauon «. 
^*^.e«op«ayerc^^^^^ 

containing unused -Ibtm^debrtsrfden^ Jl^S^ f0fmed by bU8yancy and <ayer 
Z ?™** ^ ^'"^^^^^^ 

•he upper layer was finally collected. When th« to a 9 a,n at temperature and 

mosphere. air fffled ^c^Snt^^^?^^ 1 '^ 3 Were ^"^ out the *nZZ 

a stream of this gas flowing on the ^aJ^^Z^^^^^^^^^^Br 

^tT^ a ^ bot^ which wre^ y ^XC^° fth L° f ,5erah ' anS - 

The varioua suspensions of microballaons faiM wrth ^f!l . 988 before Maiin 8- 

"tunaed at «,„««,„„„, w4h . "^^^2^*^ 1:10 with distilled water 
banc, was recorded whto Increase ^^ ^ S^^^. and th8 
the suspensions temperature was kept«2S«C. "»-**pensioa During the measurements. 

The results are shown in the Table 1 beta* »«w 3 « - ^ . 

registered far a series of gases **«nJ tVn^vlZ^ ? W d the PC values 

U Mw and water solubility being given as Xl J! '! l d ' 4raa4risi ' c Parameter, of such gases. 
dTameterinvolumej. " ™' " ^ original bubble countand bubble average size K 


Sample Gas Mw 


1 


APrel 

CF 4 

88 

AFre2 

CBrF 3 

149 

ASF1 

SF B 

146 

ASF2 

SF fi 

146 

AN1 

N 2 

28 

AH 

Air 

29 

A18 

Air 

29 

A19 

Air 

29 

AMel 

CH4 

16 

AKrl 

Kr 

84 

AX1 

Xe 

131 

AX2 

Xe 

131 


Solubf* 
lity 

.0038 
.0045 
,005 
.005 

■0144 

.0167 
0167 

.0167 
.032 

.059 

.108 

.108 


TABLE 1 

Bubble 
count 
(10 8 /m» 
0.8 
0.1 
13.9 
2.0 
0.4 
3.1 
3.8 
1.9 
0.25 
0.02 
0.06 
0.03 


Bubble 
size 
(tim) 
5.1 
11.1 
6.2 
7.9 
7.8 
11.9 
9.2 
9.5 
8.2 
9.2 
17.2 
16.5 


PC(Torr) Sgas/V 
Mw 


120 

104 

150 

140 

62 

53 

52 

51 

34 

86 

65 

89 


.0004 
.0004 
.0004 
.0004 
.0027 
.0031 


.008 
.006 
.009 
.009 


and r^rno^ ^ „ LttZ^^^S^^^^ ***** of Icw^ubiity 
™re durable echogenk: signals in v^lt ^1^^^ "^rov^des f Sled with such gases wfl provide 
SaasoajbflJty. 68 ^ tn »»^« bubble size get^raByincre^ with 


^ned out in the gre, scale rnode X t^J 1 * and " 8a " 

< Mojson 128-XPS •chogrsphy apparatus and a 7.5 MHz trans- 

• 7 
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t^SZ f"^ * aflh * n »""W in the left vomnde was determined bv n*«Hi™ - 

a penod of ana The reatfts *, gathere < in TabJo 2 ^ ^ 5 n 0 ^^^ d ^^ a ' f0r 


TABLE 2 


n 


is 


Sample (Gas) 

v/uiHoon oi 
contrast (sec) 

PC (TorrJ 

AMel (CH 4 ) 
A14 (air) 
A18 [air) 

zero 
10 
11 

34 
53 
52 
65 
89 
140 

AX1 fXe) 
AX2 (Xe) 
ASF2(SFg) 

20 
30 
>60 


Examp/e3 


^^Xs^T^J^f ***** **" AG, we, ob. 

•noaphera. whereby, after addition of the 20% ** *" SF « 
««*>ctaJed sulfur hexafhioride waa obtained. AuWTmTJ^ 1^. ™»Partdes containing 

«oua exempt*. In this caae the aehogenle in^parUctoaT^^ h!!f JkT? de5Cribed "» th0 P«> 

aging b ***** to the right v2 -ndlES^^^^ ^ im " 
^^^ehc^hevafcao^^ 

TABLE 3 


Sample No Qss 


Signal peak 
(arbitrary units) 


0311 air 114 

CaS2 air 108 


GatS SF 6 
GaM SF 6 


131 
140 


the UMfarechoarannvDurnosm rfmir^^L^! 488 in- 357 163 (SCHERINIG) which disdose 

™« wtth regart to the JZ^^^^^ 9 "^^ 3 ^^ 
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ExampJe 4 


10 


IS 


, ***** of ocho fl enfc wspensmns of gas-f ffled microbubWes w»m n «, M ^ ^ ^ 

forth below: * wea wenB spared by the general method set 

Placed h a 100 ml rout* fta* and evaporated to^neS o^VrJI^ " if* "* SO,utfon was 
water wan, added and tho mixture wa* S/BcitS^T?^ f!?^ ^i^ 1 " 5 - ^ 20 ^ ° f <3isll " etJ 
suspension of muitaarrutfar llposc^ * ,he fa " na,io " of " 

s»n were dButed with 9 ml of a concentrated toctStZXr^ he ^ Mp ^ 
a -45-C The frozen samples wens thereafter . !? !' t d3uted 5USpensicns frozen 

vessel which was ^t^ m ^ t ^^^ n ^^^ »? «■» ta - lowing powder in a 
^Po*aor«r»*eswe^hen^ 

a stream of the same gas used to fill thT«« v JL^ ^ atef « the «^er Oq«id, this being effected under 
min en a vortei mixer Su9 wns«n was effected by vigorously shaking for 1 

a*LSS^ ■* * - 2S"C 

in a spectrophotometry ceil which wis abiee^* " 1 by measuring the opfeal density 

bubbleshadcoOapsed. TheresuS^S ^^^^1^^^ ^ UW » 311 
gives also the AP values (sec fig 1). ^ Ch * add,,,OI, to ,he a9kai P"**"* PC. 


25 TABLE 4 


Sample Gas M w Solubility Bubble PC 
No In H 2 0 


a 


LFrel 

CF 4 

88 

LFre2 

CB1P3 

149 

LSP1 

SF 6 

146 

LFre3 

C4F8 

200 

LI 

air 

29 

L2 

air 

29 

LArl 

Ar 

40 

LKrl 

Kr 

84 

LXel 

Xe 

131 

LFre4 

CHClFa 

86 


AP 

count (Torr) (Torr) 
(lQB/mll 


•0038 1.2 97 35 

.0045 0.9 U6 64 

005 1.2 92 58 

• 01 6 1-5 136 145 

•0167 15.5 68 17 

0167 11.2 63 17 

-031 14.5 71 

■059 12.2 86 

•108 10.1 92 


.78 


18 
18 
23 

83 25 


* ^regard. Also. tr^w^-^ fl I^lM^r -ST * ^"'the mkrobalJoons 
Elapse/pressure curvoa (lHp TtTJS^^ N^rrcleeuiar weights provide th 8 flattest bubUe- 
abDity in vrvo. aa Indicated ^b^l 9 w"^ « afso an important factor of eehogenic response dur. 


Examples 


in Tabfa 5 below in which C.F. U^^^Z^T^^ ^ X *"****™ *™ 
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TABLE 5 


Sample No 

Tvne of tfaa 

uuiiLrasL uurHuon 

IScCJ 

LI 

Air 

00 

L2 

Air 

OA 

LMel 

CH4 

47 

LKrl 

Krypton 

37 

LFrel 

CF4 

>J20 

LFre2 

CBrFa 

92 

LSFl 

SF 6 

>112 

LFre3 

C4F8 

>120 


These results indicate that, again in the ease of rricrobubbies. the gases according to the criteria of the 
present Invention win provide ultrasonic echo signal for a much longer period than most gases used untl new. 

Examples 

_ Suspensions of mtoobubbles were prepared using different gases exactly as described in Example* but 
repiacuigtrie ledthh phospholipid ingredient byain^ 

add residue) available from Avanti Polar Lipids, Birmingham. Alabama. USA. The phospholipid to DCP molar 
«t» was stiO 9/1 . Then the suspensions were pressure tasted as in Example 4; the results, collected In Table 
6A below, are to be compared vrith those of Table 4. 


TABLE 6A 


Sample 

Type of 

Mwof 

Solubi- 

Bubble 

PC 

AP 

No 

gas 

gas 

lity In 

count 

(Torr) 

(Torr) 




water 

(10*/ml) 



LFrel 

CF 4 

88 

.0038 

3.4 

251 

124 

LFre2 

CBrFs 

149 

.0045 

0.7 

121 

74 

LSFl 

SFa 

146 

.005 

3.1 

347 

>150 

LFreS 

C4F8 

200 

.016 

1.7 

>350 

>200 

LI 

Air 

29 

.0167 

3.8 

60 

22 

LBul 

Butane 

58 

.027 

0.4 

64 

26 

LArl 

Argon 

40 

.031 

3.3 

84 

47 

LMel 

CH4 

16 

.032 

3.0 

51 

19 

LEtl 

C2HB 

44 

.034 

1.4 

61 

26 

LKrl 

Kr 

84 

.059 

2.7 

63 

18 

LXel 

Xe 

131 

.108 

1.4 

60 

28 

LFre4 

CHCIF2 

86 

.78 

0.4 

58 

28 
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The above results, compared to that of Table 4. show that at least with tow solubility gases, by lengthening 
the chain of the phospholipid fatty acid residues, one can dramatically increase the stabBlty of the echogenic 
suspension toward pressure Increases. This was further confirmed by repeating the foregoing experiments 
but replacing the phospholipid component by Its higher homctog. Le. di-behenoyl-phcsphatkJyJehcline (C s fatty 
add residue). In this case, the resistance to collapse with pressure of the microbubbles suspensions was stin 
further increased. 

Some of the microbubbles suspensions of this Example were tested in dogs as described previously for 
rabbits (imaging of the heart ventricles after injection of 5 ml samples in the anterior cephalic vein). A significant 
enhancement of the useful in- vivo echogenic response was noted. In comparison with the behavior of the prep- 
arations disclosed in Example 4, i.a. the increase in chain length of the fatty-add residue in the phospholipid 
component increases the useful life of the echogenic agent in- vivo. 

In the next Table below, there is shown the relative stability in the left ventricle of the rabbit of microbubbles 
(SFS) prepared from suspensions of a series of phospholipids whose fatty add residues have different chain 
lengths (<injeeted dose: 1 ml/rabbit). 


TABLE 6B 


Phospho- Chain length PC AP Duration of 

lipid (Cnl (Torrl (Torr) contrast 

(sec) 

DMPC 14 57 37 31 

DPPC 16 100 76 105 

DSPC 18 115 95 120 

DAPC 20 266 190 >300 


It has been mentioned hereinabove that for the measurement of resistance to pressure described in these 
Examples, a constant rate of pressure rise of 1 00 Torr/min was maintained. This Is justified by the results given 
below which show the variations of the PC values for different gases in function to the rate of pressure increase. 
In these samples DMPC waa the phospholipid used. 


Gas PC (Torr) 

sample Rate of pressure increase (Torr/min) 


40 100 200 

SF 6 51 57 82 

Air 39 50 62 

CH4 47 61 69 

Xe 38 43 51 

Freon 22 37 54 67 


Example 7 

A series of albumin mJcrobafloons as suspensions In water were p r e par ed under sir in a controlled sphere 
size fashion using the directions given in Example 1. Then the air in some of the samples was replaced by 
other gases by the gas-exchange sweep met hod at ambient pressure. Then, after diub'ng to 1:10 with distiRed 
water as usual, the samples were subjected to pressure testing as in Example 1. From the results gathered 
In Table 7 below, It can be seen that the two-steps preparation mode gives, in soma cases, echo-generating 
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agents with better resistance to pressure than the one- step preparatton nude of Example 1. 


TABLE 7 


oampie 

Type of 

Mw of the 

Solubility 

Initial 

PC 

NO 

gas 

gas 

In water 

bubble 
count 
noa/ml) 

(TorrJ 

A 1 A 

A14 

Air 

29 

.0167 

3.1 

53 

A18 

Air 

29 

.0167 

3.8 

52 

A18/SF 6 

SF 6 

146 

.005 

0.8 

1 IS 

A18/C 2 Hs 

C 2 Hs 

30 

.042 

3.4 

72 

A19 

Air 

29 

.0167 

1.9 

51 

A19/SF fi 

SF 6 

146 

.005 

0.6 

140 

A19/Xe 

Xe 

131 

.108 

1.3 

67 

A22/CF 4 

GF4 

88 

.0038 

1.0 

167 

A22/KT 

Kr 

84 

.059 

0.6 

85 


Example 8 

The method of the present Invention was applied to an experiment as tfsdosed In the prior art, for instance 
Example 1 WO-92/11873. Three grams of Plurcnid& F68 (a copolymer of polyoxyethytene-polyoxypropylene 
with a molecular weight of 8400), 1g of dipatmitoy1prtoaphatldy(g(ycer€J (Na salt, AVANTI Potar lipids) and 3.8 
g of glycerol were added to 80 ml of dbtfflad water. After heating^ about 80^ t a dear homogenous solution 
was obtained. The tenside solution was cooled to room temperature and the volume was adjusted to 1 00 ml. 
In some experiments (see Table 8) dipalmttoytphosphatldylglycefd was replaced by a mixture of dtarachldoyf- 
phosphaSdyteholine (920 mg) and 80 mg of dipalrrutoytphosphatidic acid (Na salt, AVANT3 Polar lipids). 

The bubble suspensions were obtained by using two syringes connected via a three-way valve. One of 
the syringes was filed with S ml of the tenside solution whfie the other was filed with 0.5 mi of air or gas. The 
three-way valve was fifed with the tenside solution before ft was connected to the gas-containing syringe. By 
alternatively operating the two pistons, the tenside solutions were transferred back and forth between the two 
syringea (5 times in each direction), mflfcy suspensions were formed. After dlution (1:10 to 1:50) with disuHed 
water saturated at equlibrium wtthalr. the resistance to pressure of the preparations was determined according 
to Example 1. The pressure increase rate waa 240 Torr/rnh. The blowing results ware obtained: 


TABLE 8 


Phospholipid 

Gas 

Pe (mm Hg) 

DP (mm 

DPPG 

air 

28 

17 

DPPG 

SF 6 

138 

134 

DAPC/DPPA9/1 

air 

46 

30 

DAPC/DPPA9/1 

SF 6 

269 

253 


ft follows that by using the method of the invention and replacing air with other gases eg, 8F4 even with known 
preparations a considerable jmprovements Le. Increase tn the resistance to pressure may be achieved. This 
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Is true both in the ease of negatively charged phospholipids (e.g. OPPG) and in tha case of mixtures of neutral 
and negatively charged phospholipids (DAPC/OPPA). 

The above experiment further demonstrates that the recognised problem sensitivity of microbubbles and 
nwobaUoons to collapse when exposed to pressure i.e. whan suspensions are injected into living beings, has 
advantageously been solved by the method of the invention. Suspensions with microbubbles or microbailoons 
with greater resistance against collapse and greater stabflrty can advantageously be produced providing sus- 
pensions with better reproducibaity and improved safety of ech graphic measurements performed in vivo on 
a human or animal body. 


Claims 

1. A method for imparting resistance against collapsing to contrast agents for ultrasonic echography which 
consist of gas-f illed rnicrovesldea in suspension in aqueous liquid carrier phases, Le. either microbubbles 
bounded by an evanescent gas/liquid interfacial dosed surteau'firmiocbaaoona bounded by a material 
envelope, said collapsing resulting, at least in part from pressure increases effective e.g. when the said 
suspensions are Injected Into the bloodstream of pafienb, said method comprising forming said micro* 
vesides in the presence of a gas, or if the micrevesides are already made rifling them with this gas, which 
Is a physiologically acceptable gas, or gas mixture, at least a fraction of which has a sdubirty in water 
expressed In Otere of gas by liter of water under standard conditions divided by the square root of the mo- 
lecular weight in daltons which does not exceed 0.003. 

2. The method of claim 1, which is carried out in two steps, in the first step the mjcrovesides or dry precur- 
sors thereof are initially prepared under an atmosphere of a first gas. then in the second step at least a 
fraction of the first gas Is substantially substituted by a second gas, the latter being said physiologically 
acceptable gas. 

3. The method of dalm 1, in which the physiologically acceptable gas used is selected from Sf * SeF* 
Freon® such as CF«. CBrF* C^F* CCIF* COiF* CF* CaOF* C8rCtF 2 . CjOjF* C8r,F 2 and 

4. The method of daim Z in which the gas used in the fust step Is of a kind that allows effective control of 
the average size and concentration of the micro vesides in the carrier liquid, and the physiologically ac- 
ceptable gas added In the second step ensures prolonged useful echogenie ore to the suspension for in- 
vivo ultrasonic imaging. 

5. The method of Claim 1, in which the aqueous phase carrying the microbubbles contains dissolved film- 
forming surfactants tn lameflar or laminar form, said surfactants stabfflztng the microbubbles boundary 
at the gas to liquid interface. 

6. The method of daim 5, in which said surfactants comprise one or more phospholipids. 

7. The method of daim 6, in which at feast part of the phospholipids are in the form of liposomes. 

a. Tha method of claim 6, in which at least one of the phospholipids is a dbcyf phosphatidyl compound where- 
in the aeyt group Is a C,, fatty acid residue or a higher homologue thereof. 

& The method of daim 1 and 2. In which the microbaftoon material ertvdope is made of an organic pdymenc 
membrane* 

10. The method of dalm 9. in which the pdymere of the membrane are selected from pdylactic or pdyglycolic 
add and their copolymer*, rettcufetad serum albumin, retaliated haemoglobin, polystyrene, and esters 
of poiygtutamic and pofyaapartic adds. 

11. The method of dalm 1, In which the forming of the microvesidea with said physiologically acceptable gaa 
is effected by alternately subjecting dry precursors thereof to reduced pressure and restoring the pressure 
with said gas, and finally dispersing the precursors in a liquid earner. 

12. The method of daim 1, In which the filing of the microbafloons with said physiologically acceptable gas 
is effected by simply flushing the suspension with said gaa under ambient pressure. 
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1* Tha imethod of dafcn 1. which comprises making the miaovasides by any standard method known in the 
an but operating under an atmosphere composed at least part of said gas. 

14. Suspensions of gas filled microwsides distributed in an aqueous earner liquid to be used as contrast 
agents in ultrasonic echography, characterised in that the gas Is physiologically acceptable and such that 
attosta portion thereof has a soiubitty in water, expressed in tier of gas by Iter of water understand 
conditions, dnnded by the square met of the molecular weight which does not exceed 0.001 

14 The aqueous suspensions of dabn 14. characterized in that the gas * such that the pressure difference 
AP between those pressures which, when applied under standard conditions and at a rata of about 100 
Torrfmin to the suspension cause the collapsing of about 75%. respectively 25%. of the micnvesides 
Initially present, is at least 25 Tot. 

14 8uapen8iona a*"" 1 ^ to daim 14. In which the microvesides an rnicrobubhtes filed with said 

p^ogkaBy acceptable gas suspended in an aqueous carrier liquid containing phospholipids whose 
fatty acid realduu contain 16carbora wrnora wwm* wnoso 

17. Contrast agents for echography In precursor farm consisting of a dry powder comprising lyophifced lipo- 
somes and stabilizers, this powder being dispersible In aqueous liquid carriers to form eehogenic sus- 
pensions of gas-filted mierobubbles. characterized in that X is stored under an atmosphere comprafrio a 
Physiologically acceptable gas whose adubiMy In water, expressed h liter of gas by liter of water under 
standard conditions, divided by the square root of the molecular weight does not exceed 0.003. 

18. Tra contrast agent precursors of daim 17. in which the nposomes comprise phospholipids whose fatty 
acid residues have 16 or more carbon atoms. 
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